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Description

LOW DIELECTRIC ORGANOSILICATE POLYMER

COMPOSITE
Technical Field

The present invention relates to a nanoporous organosilicate polymer composite
and an organosilicate polymer composite film including the same. More partiailarly,
the present invention relates to an ultra-low dielectric, nanoporaus organosilicate
polymer composite prepared from a single preaursor of an organic/inorganic hybrid
polymer, which can make high performance integrated ciraits used for main devices
of information transmission, processing, and storage systems, and an organosilicate
polymer composite film including the same.

Background Art

To provide improved performance and cost-effectiveness of nultilayer integrated
ciraits in the electronic field, a recent trend is to increase the density of the multilayer
integrated ciraiits, for example increase the number of memories and logic chips. For
this, a chip size has decreased. At the same time, a significant effort has been made in
developing a new dielectric material that can decrease the dielectric constant of a
dielectric film. A low dielectric film material recently used is silicon dioxide with a
dielectric constant of about 3.5 to 4.0. The silicon dioxide has a physical strength and
thermal stability sufficient to withstand varicus chemical or thermal processes related
to a semiconductor fabrication method.

However, recent high performance multilayer integrated ciraiits require a relatively
inexpensive copper conductor with excellent conductivity and a new low dielectric
material that can satisfy a dielectric constant of 2.5 or less. Signal retardation and
cross-talk phenomena accompanied by a decrease in the size of an integrated ciraiit
act as seriaus blocking factors against device performance improvement. To solve such
signal retardation and cross-talk problems, studies about a low dielectric material have
been actively done. Development of an ultra-low dielectric material requires in-
troduction of nanoscale pores into a dielectric material or film. For this, a thermal de-
composition of an organic polymer that can form nanoscale pores is mainly used.
However, a recent technology is diffiailt to control the size and distribution of
nanoscale pores to an ideal level. This is because there arise a phase separation
phenomenon between a dielectric material and a pore-forming polymer, and thus, the

problem of lack of uniformity of the size and distribution of pores.
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Disclosure of Invention
Technical Problem

Recently, there have been done many studies to develop low dielectric materials
based on silicate- and nanoporaus silicate- polymers, aromatic polymers, fluorinated
aromatic polymers, organic/inorganic composite materials, and the like. In addition to
a dielectric constant of 2.5 or less, development of ultra-low dielectric materials also
requires improvements of characteristics necessary for a semiconductor device
fabrication process and the durability of semicondutor devices, such as thermal
stability, mechanical properties, chemrmech polishing compatibility, etching property,
interface compatibility, and electrical properties.

Technical Solution

The present invention provides a dielectric material with a low dielectric constant
which is excellent in various characteristics necessary for a semiconductor device
fabrication process and durability of a semiconductor device, and a semiconductor
device comprising a dielectric film made of the same.

According to an aspect of the present invention, there is provided a porous
organosilicate polymer composite prepared by heating an organic/inorganic hybrid
polymer in which an organosilicate polymer is chemically bonded to a radial pore-
forming polymer ended with a hydrolyzable alkoxysilyl group and used as a core
moleaule.

According to another aspect of the present invention, there is provided a semi-
conductor device using an organosilicate polymer composite film comprising an
organosilicate polymer composite.

The organosilicate polymer composite film has an ultra-low dielectric constant of
1.40 to 2.00.

Description of Drawings

FIG. 1 is a schematic view that illustrates the structure of a radial polymer
according to the present invention;

FIG. 2 is a schematic view that illustrates the structure of an organic/inorganic
hybrid polymer according to the present invention;

FIG. 3 is a schematic view that illustrates the structure of a nanoporaus
organosilicate polymer composite according to the present invention;

FIG. 4 is an FT-IR spectrum of an organic/inorganic hybrid polymer according to
Example 1-1;

FIG. 5 is a 'H NMIR spectrum of the organic/inorganic hybrid polymer according to
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Example 1-1;

FIG. 6 is an FT-IR spectrum of an organic/inorganic hybrid polymer according to
Example 2-1;

FIG. 7 is a 'H NMR spectrum of the organic/inorganic hybrid polymer according to
Example 2-1;

FIGS 8A-C are respectively a FT-IR spectrum, a 'HNMR spectrum, and a “c
NMR spectrum of a radial polymer according to Synthesis Example 1; and

FIGS. 9A-C are respectively a FT-IR spectrum, a 'H NMR spectrum, and a “c
NMR spectrum of a radial polymer according to Synthesis Example 2.

Best Mode

Hereinafter, the present invention will be described in detail.

The present invention provides a copolymer obtained by chemically bonding an
organosilicate polymer to an organic pore-forming polymer that can form nanoscale
pores and a preparation method thereof. The present invention also provides a method
for preparing an ultra-low dielectric, nanoporous organosilicate polymer composite or
organosilicate polymer composite film using the copolymer as a preaursor. The
nanoporous organosilicate polymer composite and the organosilicate polymer
composite film can have a constant pore size of several nanometers (5-10 nm in
diameter). Furthermore, phase separation between the organosilicate polymer and the
pore-forming polymer can be prevented, which enables uniform distribution of pores
in the organosilicate polymer composite and the organosilicate polymer composite

film.

An organic/inorganic hybrid polymer according to the present invention is prepared
by the following process.

First, a radial pore-forming polymer and an organosilicate polymer are mixed and a
solvent is added thereto to form a uniform mixture. The solvent may be
tetrahydrofuran, toluene, 1,3-dioxane, 1,4-dioxane, ethanol, or a mixture thereof. A
mixed solvent of toluene and ethanol (1:1 by volume) is preferable. Preferably, the
solvent is used in an amaunt of 500 to 1,500 parts by weight, based on the total weight
(100 parts by weight) of the radial pore-forming polymer and the organosilicate
polymer. A desired pore distribution in a finally obtained organic/inorganic hybrid
polymer can be accomplished by appropriately adjusting the mixture weight ratio of
the radial pore-forming polymer and the organosilicate polymer. Preferably, the
mixture weight ratio between the radial pore-forming polymer and the organosilicate

polymer is in a range of 1:99 to 40:60. If the ratio of the radial pore-forming polymer
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is autside the range, formation of nanoscale pores may be difficult. Furthermore,
gelation of a synthesized hybrid polymer may easily ocaur, which renders the creation

of a uniform solution of it in a solvent difficult.

Next, an acid catalyst is added to the uniform mixture to appropriately adjust the pH
of the mixture.

The acid catalyst may be hydrochloric acid, nitric acid, or sulfuric acid. Preferably,
the acid catalyst is an aqueaus solution of hydrochloric acid with pH of 1.0 to 3.0. An
aqueaus solution of hydrochloric acid with pH 2.0 is used in a volume corresponding
to 2 to 4 times of the total weight of the organosilicate polymer.

If the pH of the aqueaus solution of hydrochloric acid exceeds 3.0, sol-gel poly-
merization may be retarded, which makes it difficult to prepare a hybrid polymer with
an appropriate molealar weight range. On the other hand, if it is less than 1.0, sol-gel
polymerization may be excessively carried out, which causes easy creation of a
polymer gel that is not dissolved in the solvent.

The reaction mixture that has been adjusted to a desired pH by the addition of the
acid catalyst is stirred at room temperature for about one haur. Then, the reaction
mixture is raised to a temperature of 40 to 80 °C and stirred for 3 to 6 days. If the
reaction temperature is too high or the reaction duration is too long, excessive poly-
merization may ocaur, thereby creating an insoluble polymer gel. On the other hand, if
the reaction temperature is too low or the reaction duration is too short, it may be
diffiault to prepare a hybrid polymer with an appropriate moleaular weight.

Through the above-described preparation process, a reactive trialkoxysilyl group of
the radial pore-forming polymer and a reactive alkoxysilyl graup of the organosilicate
polymer are subjected to hydrolysis and dehydrocondensation, to thereby form a
chemical linkage between the radial pore-forming polymer and the organosilicate
polymer.

Thereafter, the resultant solution is cooled to room temperature and a distilled water
is then added thereto to remove the acid catalyst. A desired organic/inorganic hybrid
polymer can be obtained through an appropriate separation process.

The organic/inorganic hybrid polymer has a structure of chemical linkage between
the pure radial pore-forming polymer as a core moleaule and the organosilicate
polymer, as shown in FIG. 2.

The separation process can be selected according to the types of the radial pore-
forming polymer and the organosilicate polymer used starting materials, but is
preferably carried aut by the following procedure.
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[30] An excess desiccant such as anhydrous Na 2804 is added to the resultant solution to
remove a residual moisture. Then, a solvent is removed from the resultant product
under a reduced pressure to separate an organic/inorganic hybrid polymer having a
high viscosity radial pore-forming polymer as a core moleaile. A solvent such as
pentane is then added to the separated organic/inorganic hybrid polymer to remove a
trace of a reaction solvent and dried to obtain the pure organic/inorganic hybrid
polymer.

[31] The radial pore-forming polymer as used herein has a structure as shown in FIG. 1.
Referring to FIG. 1, the radial pore-forming polymer includes a central portion and a
branch portion. The branch portion has an end functional groaup X. The end functional
graup is a hydrolyzable alkoxysilyl graup that can chemically bond to the
organosilicate polymer. R' of the branch portion may be formed by ring-opening poly-
merization of one of cyclic organic monomers represented by Formulae 1A thraugh
1D:

[32] Formula 1A

/\C/O

(CH2)a |

[33] Fornula 1B
B
8] o
\/
[34] Formula 1C

TN

(CH2)a O
N

[35] Fornula 1D

o]

/\C"’//

(CHz)q I
\)H

[36] wherein a is 2 to 5.

371 That is, the radial pore-forming polymer of the present invention can be prepared

by ring-opening polymerization of one of the cyclic organic monomers represented by
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Formulae 1A through 1D in the presence of polyol, R-(OH) . (k = 2) followed by
reaction with a methoxysilane or ethoxysilane compound. Preferably, the polyol is
di(trimethylolpropane) di(pentaerythritol) or a derivative thereof.

Examples of the hydrolyzable alkoxysilyl graup include -OCONH-(CH 2)3-Si(OC2H
5) r -OCHZCH(CH3)-CH20(CH2) 3-Si(CH3)2(OC2Hs) -OCH 2CH(OH)—CHZO(CHZ)3 -
Si(CH 3)(OC2H5)2' and —OCHZCH(OH)-CHZO(CH2)3-Si(CH 3')(OCH3)2.

The central portion of the radial pore-forming polymer has an ether structure
selected from the group consisting of aliphatic ethers of C1-C30 and aromatic ethers of
(6-C30. Goncrete example of the ether includes di(trimethylolpropane)
di(pentaerythritol) or a derivative thereof having several end hydroxyl graups.

The radial pore-forming polymer as used herein is prepared by the following
procedure: first, ring-opening polymerization between the polyol constituting the
central portion and one of the cyclic organic monomers represented by Formmulae 1A
through 1D is performed to obtain a radial polymer in which X of FIG. 1 is a hydroxy
graup (-OH). Then, the radial polymer reacts with a silane comaund having an alkoxy
graup to convert the hydroxyl graup into a reactive alkoxysilyl graup.

The radial pore-forming polymer has an ether structure with an end methoxysilyl or
ethoxysilyl group represented by the following Formula 4:

Formula 4

\
n( X—-R O R [V X ) .
wherein n is 2 to 64, R is derived from the polyol, R-(OH)k (k = 2) X is an end
functional graup selected from -OCONH-(CH 2)3-Si(0C2H5) Y -OCHZCH(CH3)-CH2
O(CHZ) 3-Si(CH3)2(OC2Hs) -OCH 2CH(OH)-CHZO(CHZ)J-Si(CH 3)(OC2H5)2’ and -OCH
2CH(OH)-CHZO(CHZ)B-Si(CH 3)(OCH3)2.
The radial pore-forming polymer may be represented by the following Formmla 5:
Formula 5
Ro Ro

| |

Ry—C—R,—O0—R,—C—R,

Ro Ro
wherein R0 is -CHZO-[CO-(CHZ)S-O]a-X and Rl is _Csz or -CHZO-[CO-(CHZ)S-O]a -
X where X is a substituent selected from -OCONH-(CHZ)B-Si(OCsz) g
—OCHZCH(CH3)-CH20(CH z)s_Si(CHa)z(OCzH 5) -OCH 2CH(OH)-CHZO(CHZ)3 -
Si(CH 3)(OC2H5)2, and —OCHZCH(OH)-CHZO(CHZ)B-Si(CH 3)(OCH3)2 and a is 2 to 20,
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and R4 is a substituted or unsubstituted alkylene group of C1-C30 or a substituted or
unsubstituted arylene group of C6-C30.

[48] Preferably, the radial poreforming polymer is represented by the following
Formula 2 or 3:
[49] Formula 2

Jr\jﬂ_{(
Jﬂﬁ

[50] wherein X is -CONH-(CHZ)B-Si(OCZHS) y -CHZCH(CHa)-CHZO(CHZ) 3-Si(CH3)2
(OCsz) -CH 2CH(OH)-CHZO(CHZ)B'-Si(CH 3)(0C2Hs)z’ or -CHZCH(OH)-CHZO(CH2)3
-Si(CH 3)(OCH3)2, and n is 2 to 20,

[51] Formula 3

Q_/_/_/o—kx
%\_\_\OJGX

M,k,

[52] wherein X is _CONH_(CHz)s_Si(OCsz) s -CHZCH(CH3)-CH20(CH2) 3-Si(CH3)2
(OCsz) -CH 2CH(OH)—CHZO(CHZ)B—Si(CH 3)(OCsz)z’ or -CH2CH(OH)-CH20(CH2) \
-Si(CH3)(OCH3)2, and n is 2 to 20.

[53] A radial pore-forming polymer and a preparation method thereof disclosed in

Korean Patent Application No. 2003-0041384, filed by the present applicant, can be

incorporated herein in its entirety by reference.

KJ[O\_\_\_@ V/_/ -
[54] The organosilicate polymer as used herein has a silicon atom with hydrogen, a

methyl graup, or an ethyl group, and a reactive end alkoxy graup with 1 to 5 carbon

atoms such as a hydrolyzable methoxy or ethoxy graup. The organosilicate polymer
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has a weight average moleailar weight (Mw) of 3,000-20,000 g/mol.

The organosilicate polymer is not particularly limited but may be that obtained by a
sol-gel method based on hydrolysis, dehydolysis, and polycondensation of one or more
silane compaunds. Here, the silane compounds are selected from the group consisting
of trichlorosilane, methyltriethoxysilane, methyltrimethoxysilane,
methyldiethoxysilane, methyldimethoxysilane, ethyltriethoxysilane,
ethyltrimethoxysilane, ethyldiethoxysilane, ethyldimethoxysilane, bistrimethoxysi-
lylethane, bistriethoxysilylethane, bistriethoxysilylmethane, bistricthoxysilyloctane,
and bistrimethoxysilylhexane. Methyl silsesquioxene, hydrogen silsesquioxene, or
ethyl silsesquioxene may also be used as the organosilicate polymer.

An organic/inorganic hybrid polymer prepared by the above-described method has
a weight average moleailar weight of 3,000-100,000 g/mol. According to the analytic
result of a nuclear magnetic resonance (NMR) spectrum, the organic/inorganic hybrid
polymer includes 1 to 50 wt% of the radial polymer and 50 to 99 wt% of the
organosilicate polymer.

The organic/inorganic hybrid polymer with the above characteristics is used as a
single preaursor for preparation of low dielectric nanoporous organosilicate polymer
composite and organosilicate polymer composite film.

The low dielectric organosilicate polymer composite can be obtained by heating the
organic/inorganic hybrid polymer having 1 to 50 wt% of the radial pore-forming
polymer at 200 to 500 °C so that sol-gel airing and pore formation are carried aut.

The low dielectric organosilicate polymer composite film can be obtained by spin-
coating a uniform solution of the organic/inorganic hybrid polymer in an organic
solvent on a substrate followed by heating at 200 to 500 °C for auring and pore
formation. Here, the organic solvent may be methylisobutylketone, acetone,
methylethylketone, toluene, or a mixture thereof, and may be used in an amaount of 50
to 99 parts by weight, based on 100 parts by weight of the organic/inorganic hybrid
polymer.

Preferably, the heating is carried cut under an inert gas (nitrogen or argon, for
example) or vaaum atmosphere. There are no limitations on the substrate provided
that it is used as a support member. For example, the substrate may be a silicon
substrate or a glass substrate.

During the heating, an organosilicate moiety of the organic/inorganic hybrid
polymer is aured by sol-gel method. On the other hand, a radial pore-forming polymer

moiety is thermally decomposed to form nanoscale pores. A chemical linkage between
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the radial pore-forming polymer and the organosilicate polymer can prevent phase
separation of the radial pore-forming polymer during the thermal curing process.
Therefore, the pores formed by the thermal decomposition can be controlled to a
nanoscale level and be uniformly distributed in a completely aired organosilicate
polymer. The porosity of the organosilicate polymer composite thus prepared varies
depending on the initial content of the radial pore-forming polymer. Generally, the
organosilicate polymer composite has a refractive index of 1.40-1.20 at a wavelength
of 633 nm, a porosity of 1-40%, and a dielectric constant of 1.40-2.00.

[62] - The thickness of the organosilicate polymer composite film can be controlled by
adjusting the concentration of the organic/inorganic hybrid polymer in the uniform
solution and the rotation speed of the spin-coating.

[63] As described above, an organic/inorganic hybrid polymer according to the present
invention has a radial pore-forming polymer. Therefore, nanoscale pores can be
uniformly formed in an organosilicate polymer composite and an organosilicate
polymer composite film. The nanoporous organosilicate polymer composite can have a
very low dielectric constant, and thus, is suitable as a film material, in partiaular a
dielectric film material, for a next generation, ultra-low dielectric semicondxtor
device. When the organosilicate polymer composite film is used for a semiconductor
device, it is preferable to set the thickness of the organosilicate polymer composite
film to a range of 50 to 2,000 nm.

Mode for Invention

[64] Examples
[65] Hereinafter, the present invention will be described more specifically by Examples.

However, the following Examples are provided only for illustrations and thus the
present invention is not limited to or by them.

[66] Synthesis Fxample 1: Radial ( € -caprolactone) polymer (Mw (weight average

[67] 40g (344 5 mmol) of € -caprolactone and 2g (8 5 mmol) of dl(mmethylol) propane
were loaded in a completely dried reactor, stirred, and heated at 110 °C under a
nitrogen atmosphere. When a reaction mixture become transparent after being
completely molten mixed, 4 mL of 1% toluene solution containing stannous
2-ethylhexanoate of an amaount corresponding to 1/100 mole of the
di(trimethylol)propane was added thereto. The reactor containing all the reactants was
continuausly stirred at 110 °C for 24 hours. After the reaction was terminated, a

synthesized polymer was dissolved in a small quantity of tetrahydrofuran and a cold



WO 2005/019303 10 PCT/KR2004/002104

[68]

[69]

[70]

[71]

[72]

[73]

methanol was then added thereto to induce precipitation of the polymer. The pre-
cipitated polymer was separated and vaaum dried to give a white 4-branched radial
polymer (intermediate) (yield: 90% or more) where M is 7,000 g/mol and X of
Formula 2 is hydrogen. )

12.0 g of the radial polymer was loaded in a completely dried reactor and 200 mL
of tetrahydrofuran was then added thereto. The reaction mixture was completely
dissolved by stirring to obtain a transparent and uniform mixed solution. 6.0 g of
3-socyanatopropyl triethoxysilane was added to the mixed solution and stirred at 60
°C under a nitrogen atmosphere for 48 haurs. After the reaction was terminated, a
solvent was removed from the resultant solution under a rediced pressure followed by
addition of pentane to give a 4-branched radial polymer (polymer A) where M is
8,000 g/mol and X of Fornula 2 is -CONH-(CH 2)3-Si(OC2H5) , with a reactivewend tri-
ethoxysilane graup. The radial polymer was separated by deposition and then vaoum
dried. Yield was 90% or more. The presence of the polymer A was identified by
infrared (IR) spectrum and nuclear magnetic resonance (NMR) spectrum (see FIGS.
8A thraugh 8C).

Synthesis Example 2: Radial ( € caprolactone) polymer (X of Formula 3 is -
CONH-(CH L)'a_-Si! oC L'Iis_)'a_l

A white 6-branched radial polymer where X of Formula 3 is hydrogen was
synthesized in the same manner as in Synthesis Example 1 except that 20g (175 mmol)
of € -caprolactone, 0.9g (3.6mmol) of di(pentaerythritol) and stannous
2-ethylhexanoate of an amaunt corresponding to 1/100 moles of the di(pentaerythritol)
were used. Yield was 90% or more and M was 8,000 g/mol.

10 g of the radial polymer reacted withw8 g of 34socyanatopropyltriethoxysilane in
the same manner as in Synthesis Example 1 to give a 6-branched radial polymer
(polymer B) where Mw is 9,000 g/mol and X of Formula 3 is -OCONH-(CH 2)3-Si(OC2
Hs) , with a reactive end triethoxysilane graup. Like in Example 1, the presence of the
polymer B was identified by NVIR and IR (see FIGS. 9A thraugh 9C).

Example 1-1: Preparation of organic/inorganic hybrid polvmer having radial (€ -
caprolactone) polymer (X of Formula 2 is -CONH-(CH ) -Si H_ ) )as pore-
273 2" 5 3
forming polymer

1 g of a radial ( € caprolactone) polymer (M = 8,000 g/mol) (X of Formula 2 is -
CONH-(CHZ)a-Si(OCZHS) 3) and 9 g of methyl silsesquioxene (M = 3,000 g/mol) were
loaded in a completely dried reactor and 100 mL of a mixed solvent of toluene and

ethanol (1:1, by volume) was then added thereto. The reaction mixture was uniformly
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stirred at room temperature under a nitrogen atmosphere. 30 mL of an aquecus
solution of hydrochloric acid (pH 2.0) was gradmally added to the reaction mixture.

All the reactants in the reactor were continuously stirred at room temperature for
one haur and then maintained at 60 °C for 4 days.

After the reaction was terminated, the resultant solution was cooled to room
temperature and a distilled water was then added thereto to remove the hydrochloric
acid used as a catalyst by extraction. Then, excess anhydrous Na 2SO4 was added to the
resultant solution to remove a trace of moisture followed by filtration and removal of a
reaction solvent under a reduced pressure to give a high viscosity organic/inorganic
hybrid polymer intermediate. The organic/inorganic hybrid polymer intermediate was
subjected to removal of a residml solvent by addition of pentane and dried to give an
organic/inorganic hybrid polymer (yield: 80%) where M is 5,000 g/mol, as shown in
FIG. 2. i

The presence of the organic/inorganic hybrid polymer was identified by IR
spectrum, NMR spectrum, and moleailar weight measurement (see FIGS. 4 and 5).

Example 1-2

An organic/inorganic hybrid polymer (yield: about 80%, M : 5,500 g/mol) was
prepared in the same manner as in Example 1-1 except that 2 gwof the radial (€ -
caprolactone) polymer (Mw=8,000 g/mol) (X of Formula 2 is -CONH-(CH 2)3-Si(OC2H5
) 3) and 8 g of the methyl silsesquioxene (Mw = 3,000 g/mol) were used.

Example 1-3

An organic/inorganic hybrid polymer (yield: abaut 80%, M : 5,800 g/mol) was

prepared in the same manner as in Example 1-1 except that 3 gwof the radial (€ -

caprolactone) polymer (M =8,000 g/mol) (X of Forrula 2 is -CONH-(CH 2)3-Si(OC2H5

rreparation o1 orgai

¢ 1; Preparation of organic/inorganic hybrid polymer h 1g radial
caprolactone) polymer (X of Formula 3 is -CONH-(CH l)_.,‘_—Sig ocC z-_i)_l)ﬁ pore-
forming polymer

An organic/inorganic hybrid polymer (yield: about 80%, M : 6,500 g/mol) as
shown in FIG. 2, was prepared in the same manner as in E(am;)vle 1-1 exceptthat1 g
of aradial ( € caprolactone) polymer (M =9,000 g/mol) (X of Formula 3 is -
CONH-(CH2)3-Si(OC2H5) 3) was used ins‘;ead of 1 g of the radial ( € caprolactone)
polymer (lVIw=8,000 g/mol) (X of Formula 2 is -CONH-(CH 2)3-Si(OC2H5) 3).

The presence of the organic/inorganic hybrid polymer was identified by IR
spectrum, NMR spectrum, and moleaular weight measurement (see FIGS. 6 and 7).

ng di -
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Example 2-2

An organic/inorganic hybrid polymer (yield: 80%, M : 7,000 g/mol) was prepared
in the same manner as in Example 2-1 except that 2 g of :he radial ( € -caprolactone)
polymer (Mw=9,000 g/mol) (X of Formula 3 is -CONH-(CH z)s-Si(OCsz) 3) and 8 g of
the methyl silsesquioxene (M = 3,000 g/mol) were used.

Example 2-3 )

An organic/inorganic hybrid polymer (yield: abaut 80%, M : 7,700 g/mol) was
prepared in the same manner as in Example 2-1 except that 3 gwof the radial (& -
caprolactone) polymer (M =9,000 g/mol) (X of Formula 3 is -CONH-(CH 2)S-Si(OCZH5
) ) and 7 g of the methyl sﬂsesqmoxene (M = 3,000 g/mol) were used.

‘Q3EIQLM2£uMilLKﬂ&In§IJ&iEﬂ3zlgilﬁliglﬂlda_z_ui;glgﬂi Sﬂﬂlsﬂﬂ; li:li.!ligﬂﬂL l. -

__(__3_)_1_(__2_&1) as pore-forming polymer
An organic/inorganic hybrid polymer (yield: abaut 80%, M : 5,000 g/mol) as
shown in FIG. 2, was prepared in the same manner as in E(am;le 1-1 except that a
radial ( € -caprolactone) polymer where X of Formula 2 is -OCH 2CH(CH3)—CHZO(CH2
) 3—Si(CH3)2(OC2H5) was used instead of the radial ( € -caprolactone) polymer (Mw
=8,000 g/mol) (X of Formula 2 is -CONH-(CH 2)3—Si(OC2H5) 3).
Example 3-2
' An organic/inorganic hybrid polymer (yield: about 80%, M : 5,200 g/mol) was
prepared in the same manner as in Example 3-1 except that 2 gwof the radial (& -
caprolactone) polymer (Mw is 8,000 g/mol) (X of Formula 2 is -OCH 2CH(CH:,)-CH2
O(CHZ) 3—Si(CH3)2(OC2H5)) and 8 g of the methyl silsesquioxene (Mw = 3,000 g/mol)
were used.
Example 3-3
An organic/inorganic hybrid polymer (yield: about 80%, M : 6,000 g/mol) was
prepared in the same manner as in Example 3-1 except that 3 gwof the radial (e -
caprolactone) polymer (X of Formula 2 is -OCH 2CH(CH})-CHZO(CHZ) 3—Si(CH3)2(OC2
Hs)) and 7 g of the methyl silsesquioxene (MW = 3,000 g/mol) were used.
Example 4-1: Preparation of organic/inorganic hybrid polymer having radial ( € -

1 CH(CH )CH O(CH ) -
2 2 2 23

Si(C )_ (0OC H ) as gore-formmg golyme
An orgamc/morgamc hybrid polymer (yield: about 80%, M : 6,400 g/mol) as
shown in FIG. 2, was prepared in the same manner as in Example 2-1 except that a

radial ( € -caprolactone) polymer (M = 9,100 g/mol) (X of Formula 3 is -OCH2
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CH(CH3)-CH20(CH2) S-Si(CHB)Z(OCZHs)) was used instead of the radial ( & -
caprolactone) polymer (Mw=9,000 g/mol) (X of Formula 3 is -CONH-(CH 2)S-Si(OCZH5
))-

Example 4-2

An organic/inorganic hybrid polymer (yield: about 80%, M : 7,000 g/mol) was
prepared in the same manner as in Example 4-1 except that 2 gwof the radial (& -
caprolactone) polymer (MW =9,100 g/mol) (X of Formula 3 is -OCH 2CH(CH})-CH2
O(CHZ) 3-Si(CH3)2(OC2H5)) and 8 g of the methyl silsesquioxene (Mw = 3,000 g/mol)
were used.

Example 4-3

An organic/inorganic hybrid polymer (yield: about 80%, M : 7,400 g/mol) was
prepared in the same manner as in Example 4-1 except that 3 gwof the radial (€ -
caprolactone) polymer (Mw = 9,100 g/mol) (X of Fornmula 3 is -OCH 2CH(CHB)-CH2
O(CHZ) 3—Si(CH3)2(OC2H5)) and 7 g of the methyl silsesquioxene (Mw = 3,000 g/mol)
were used.

LXd ald I O WNCAINOTO AN (1 POI 1CT NAVING 1aC1d) -
caprolactone) polymer where X of Fornula 2 is -CH LCH( OH)-CH 2_Q(C_HL)_}_;S_i_(_g_li
1M1H‘5.)'1 as pore-forming polymer

An organic/inorganic hybrid polymer (yield: about 80%, M : 5,000 g/mol) as
shown in FIG. 2, was prepared in the same manner as in Examgle 1-1using 1 gofa
radial ( € -caprolactone) polymer (MW = 8,100 g/mol) (X of Fornmula 2 is -CH2
CH(OH)-CHZO(CHZ)B-Si(CH 3)(OCsz)z) and 9 g of the methyl silsesquioxene (Mw =
3,000 g/mol).

Example 5-2,

An organic/inorganic hybrid polymer (yield: abaut 80%, M : 5,200 g/mol) was
prepared in the same manner as in Example 5-1 except that 2 gwof the radial (€ -
caprolactone) polymer (Mw = 8,100 g/mol) (X of Formula 2 is -CH 2CH(OH)-CH2
O(CHZ)B-Si(CH 3)(OC2H5)2) and 8 g of the methyl silsesquioxene (Mw = 3,000 g/mol)
were used.

Example 5-3

An organic/inorganic hybrid polymer (yield: about 80%, M : 6,000 g/mol) was
prepared in the same manner as in Example 5-1 except that 3 gwof the radial (€ -
caprolactone) polymer (MW = 8,100 g/mol) (X of Formula 2 is -CH 2CH(OH)-CH2
O(CH2)3-Si(CH 3)(OC2H5)2) and 7 g of the methyl silsesquioxene (Mw = 3,000 g/mol)
were used.
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An organic/inorganic hybrid polymer (yield: abaut 80%, M : 6,400 g/mol) as
shown in FIG. 2, was prepared in the same manner as in B(ampv{e 1-lusing 1 gofa
radial ( € -caprolactone) polymer (Mw = 9,100 g/mol) (X of Formula 3 is -CH2
CH(OH)—CHZO(CHz)s—Si(CH 3)(OC2H5)2) and 9 g of the methyl silsesquioxene (Mw =
3,000 g/mol).

Exaple 6-2

An organic/inorganic hybrid polymer (yield: abaut 80%, M : 6,900 g/mol) was
prepared in the same manner as in Example 6-1 except that 2 gwof the radial (& -
caprolactone) polymer (Mw = 9,100 g/mol) (X of Formula 3 is -CH 2CH(OH)-CH2
O(CH2)3-Si(CH 3)(OC2H5)2) and 8 g of the methyl silsesquioxene (Mw = 3,000 g/mol)
were used.

Example 6-3

An organic/inorganic hybrid polymer (yield: about 80%, M : 7,400 g/mol) was
prepared in the same manner as in Example 6-1 except that 3 gwof the radial (& -
caprolactone) polymer (Mw = 9,100 g/mol) (X of Formula 3 is -CH 2CH(OH)-CH2
O(CHz)a-Si(CH 3)(OCsz)z) and 7 g of the methyl silsesquioxene (Mw = 3,000 g/mol)
were used.

: Preparation of organic/inorganic hybri lymer having radia
re X of a 2is -OCH 2_CH( OH)-CH ?LQ(C_HZ_)_:i -

&@ln OCH l)_l as pore-forming polymer

An organic/inorganic hybrid polymer (yield: abaut 80%, M : 5,100 g/mol) as
shown in FIG. 2, was prepared in the same manner as in Examgle 6-1 except that a
radial ( € caprolactone) polymer (Mw = 8,000 g/mol) (X of Fornula 2 is -OCH 5
CH(OH)—CHZO(CHZ)B-Si(CH 3)(OCH3)2) was used instead of the radial (€ -
caprolactone) polymer (X of Fornula 3 is -CH 2CH(OH)-CHZO(CHZ)S-Si(CH 3)(OC2H5
))-

Example 7-2

An organic/inorganic hybrid polymer (yield: about 80%, M : 5,500 g/mol) was
prepared in the same manner as in Example 7-1 except that 2 gwof the radial (¢ -
caprolactone) polymer (Mw = 8,000 g/mol) (X of Formula 2 is -OCH 2CH(OH)-CH2
O(CH2)3-Si(CH 3)(OCH3)2) and 8 g of the methyl silsesquioxene (Mw = 3,000 g/mol)
were used.

caprolactone) polvmer whe ormul
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m 7- )

An organic/inorganic hybrid polymer (yield: about 80%, M : 6,000 g/mol) was
prepared in the same manner as in Example 7-1 except that 3 gwof the radial (& -
caprolactone) polymer (Mw = 8,000 g/mol) (X of Formula 2 is -OCH 2CH(OH)-CH2
O(CHZ)B-Si(CH 3)(OCH3)2) and 7 g of the methyl silsesquioxene (Mw = 3,000 g/mol)
were used.

hybrid po

08 (s

caprolactone) polymer where X of Fornula 3 is -OCH LCHQ OH)-CH 1OgCH 2:)_;1 -

5 -

An organic/inorganic hybrid polymer (yield: abaut 80% or more, M : 6,200 g/mol)
as shown in FIG. 2, was prepared in the same manner as in Example 1-1’ using 1 gofa
radial ( € -caprolactone) polymer (MW = 9,000 g/mol) (X of Formula 3 is —OCH2
CH(OH)-CHZO(CHZ)B-Si(CH 3)(OCH3)2) and 9 g of the methyl silsesquioxene (Mw =
3,000 g/mol).

Example 8-2

An organic/inorganic hybrid polymer (yield: about 80%, M : 6,900 g/mol) was
prepared in the same manner as in Example 8-1 except that 2 gwof the radial (€ -
caprolactone) polymer (Mw = 9,000 g/mol) (X of Formula 3 is -OCH 2CH(OH)-CH2
O(CHZ)S-Si(CH 3)(OCH3)2) and 8 g of the methyl silsesquioxene (Mw = 3,000 g/mol)
were used.

Example 8-3

An organic/inorganic hybrid polymer (yield: about 80%, M : 7,500 g/mol) was
prepared in the same manner as in Example 8-1 except that 3 gwof the radial (& -
caprolactone) polymer (MW = 9,000 g/mol) (X of Formula 3 is -OCH 2CH(OH)-CH2
O(CH2)3-Si(CH 3)(OCH3)2) and 7 g of the methy] silsesquioxene (Mw = 3,000 g/mol)
were used.

The following Examples show formation of ultra-low dielectric films using the orga

nic/inorganic hybrid polymers according to the above Examples as single preairsors.

film

1 g of the organic/inorganic hybrid polymer of Example 1-1 was uniformly
dissolved in 9 g of methylisobutylketone to prepare a mixed solution. The mixed
solution was spin-coated on a silicon substrate at about 1,000-5,000 rpm to form a thin
film. The thickness of the thin film was about 100 nm.

The thin film thus prepared was raised to 400 °C under a nitrogen atmosphere at a
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rate of 2 °C /min and maintained at the same temperature for 60 minutes. At this time,
the organosilicate polymer contained in the thin film was thermally aured and the
radial pore-forming polymer was thermally decomposed at 250 °C or more to form
pores in the thin film. After the thermal treatment, the thin film was cooled at the same
rate as the temperature raising rate to give a nanoporous organosilicate polymer
composite film with an ultra-low dielectric constant as shown in FIG. 3.

A thin film made of only methyl] silsesquioxene has a refractive index of about
2.30-3.00. Polymer composite films according to Fxamples of the present invention
had a relatively low refractive index due to the presence of nanoscale pores, as
compared to the thin film made of only methyl silsesquioxene.

The nanoporous organosilicate polymer composite film of this Example had a
dielectric constant of 2.140 + 0.020.

Example 9-2

An organosilicate polymer composite film was formed in the same manner as in
Example 9-1 except that 1 g of the organic/inorganic hybrid polymer of Example 1-2
was used instead of the organic/inorganic hybrid polymer of Example 1-1.

The organosilicate polymer composite film had a dielectric constant of 1.880 +
0.020.

Example 9-3

An organosilicate polymer composite film was formed in the same manner as in
Example 9-1 except that 1 g of the organic/inorganic hybrid polymer of Example 1-3
was used instead of the organic/inorganic hybrid polymer of Example 1-1.

The organosilicate polymer composite film had a dielectric constant of 1.740 +
0.040.

Example 10-1: Formation of ultra-low dielectric organosilicate polymer composite
film

1 g of the organic/inorganic hybrid polymer of Example 2-1 was uniformly
dissolved in 9 g of methylisobutylketone to prepare a mixed solution. The mixed
solution was spin-coated on a silicon substrate at abaut 1,000-5,000 rpm to form a thin
film. The thickness of the thin film was abaut 100 nm.

The thin film thus prepared was raised to 400 °C under a nitrogen atmosphere at a
rate of 2 °C /min and maintained at the same temperature for 60 minutes. At this time,
the radial pore-forming polymer contained in the thin film was thermally decomposed
to thereby form pores in the thin film. After the thermal treatment, the thin film was

cooled at the same rate as the temperature raising rate to give a nanoporaus
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organosilicate polymer composite film with an ultra-low dielectric constant. The
nanoporaus organosilicate polymer composite film had a dielectric constant of 2.120 +
0.020.

Example 10-2

An organosilicate polymer composite film was formed in the same manner as in
Example 10-1 except that the organic/inorganic hybrid polymer of Example 2-2 was
used instead of the organic/inorganic hybrid polymer of Example 2-1.

The organosilicate polymer composite film had a dielectric constant of 1.850 %
0.020.

Example 10-3

An organosilicate polymer composite film was formed in the same manner as in
Example 10-1 except that the organic/inorganic hybrid polymer of Example 2-3 was
used instead of the organic/inorganic hybrid polymer of Example 2-1.

The organosilicate polymer composite film had a dielectric constant of 1.700 =+
0.040.

film

1 g of the organic/inorganic hybrid polymer of Example 3-1 was uniformly
dissolved in 9 g of methylisobutylketone to prepare a mixed solution. The mixed
solution was spin-coated on a silicon substrate at abaut 1,000-5,000 rpm to form a thin
film. The thickness of the thin film was about 100 nm.

The thin film thus prepared was raised to 400 °C under a nitrogen atmosphere at a
rate of 2 °C /min and maintained at the same temperature for 60 minutes. At this time,
the radial pore-forming polymer contained in the thin film was thermally decomposed
to thereby form pores in the thin film. After the thermal treatment, the thin film was
cooled at the same rate as the temperature raising rate to give a nanoporaus
organosilicate polymer composite film with an ultra-low dielectric constant. The
nanoporous organosilicate polymer composite film had a dielectric constant of 2.040 +
0.020.

Example 11-2

An organosilicate polymer composite film was formed in the same manner as in
Example 11-1 except that 1 g of the organic/inorganic hybrid polymer of Example 3-2
was used instead of the organic/inorganic hybrid polymer of Example 3-1.

The organosilicate polymer composite film had a dielectric constant of 1.810
0.020.
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Example 11-3

An organosilicate polymer composite film was formed in the same manner as in
Example 11-1 except that 1 g of the organic/inorganic hybrid polymer of Example 3-3
was used instead of the organic/inorganic hybrid polymer of Example 3-1.

The organosilicate polymer composite film had a dielectric constant of 1.710 *
0.040.

film

1 g of the organic/inorganic hybrid polymer of Example 4-1 was uniformly
dissolved in 9 g of methylisobutylketone to prepare a mixed solution. The mixed
solution was spin-coated on a silicon substrate at abaut 1,000-5,000 rpm to form a thin
film. The thickness of the thin film was about 100 nm.

The thin film thus prepared was raised to 400 °C under a nitrogen atmosphere at a
rate of 2 °C /min and maintained at the same temperature for 60 minutes. At this time,
the radial pore-forming polymer contained in the thin film was thermally decomposed
to thereby form pores in the thin film. After the thermal treatment, the thin film was
cooled at the same rate as the temperature raising rate to give a nanoporous
organosilicate polymer composite film with an ultra-low dielectric constant. The
nanoporous organosilicate polymer composite film had a dielectric constant of 2.050 +
0.020.

Example 12:2

An organosilicate polymer composite film was formed in the same manner as in
Example 12-1 except that the organic/inorganic hybrid polymer of Example 4-2 was
used instead of the organic/inorganic hybrid polymer of Example 4-1. The
organosilicate polymer composite film had a dielectric constant of 1.850 + 0.020.

Example 12-3

An organosilicate polymer composite film was formed in the same manner as in
Example 12-1 except that the organic/inorganic hybrid polymer of Example 4-3 was
used instead of the organic/inorganic hybrid polymer of Example 4-1. The

organosilicate polymer composite film had a dielectric constant of 1.730 + 0.040.

film
1 g of the organic/inorganic hybrid polymer of Example 5-1 was uniformly
dissolved in 9 g of methylisobutylketone to prepare a mixed solution. The mixed

solution was spin-coated on a silicon substrate at abaut 1,000-5,000 rpm to form a thin
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film. The thickness of the thin film was abaut 100 nm.

The thin film thus prepared was raised to 400 °C under a nitrogen atmosphere at a
rate of 2 °C /min and maintained at the same temperature for 60 minutes. At this time,
the radial pore-forming polymer contained in the thin film was thermally decomposed
to thereby form pores in the thin film. After the thermal treatment, the thin film was
cooled at the same rate as the temperature raising rate to give a nanoporaus
organosilicate polymer composite film with an ultra-low dielectric constant. The
nanoporous organosilicate polymer composite film had a dielectric constant of 1.990 +
0.020.

Example 13-2

An organosilicate polymer composite film was formed in the same manner as in
Example 13-1 except that the organic/inorganic hybrid polymer of Example 5-2 was
used instead of the organic/inorganic hybrid polymer of Example 5-1.

The organosilicate polymer composite film had a dielectric constant of 1.820 +
0.030.

Example 13-3

An organosilicate polymer composite film was formed in the same manner as in
Example 13-1 except that the organic/inorganic hybrid polymer of Example 5-3 was
used instead of the organic/inorganic hybrid polymer of Example 5-1.

The organosilicate polymer composite film had a dielectric constant of 1.690 %

0.030.

Example 14-1: Formation of ultra-low dielectric organosilicate polymer composite

film

1 g of the organic/inorganic hybrid polymer of Example 6-1 was uniformly
dissolved in 9 g of methylisobutylketone to prepare a mixed solution. The mixed
solution was spin-coated on a silicon substrate at abaut 1,000-5,000 rpm to form a thin
film. The thickness of the thin film was about 100 nm. The thickness of the thin film
can be adjusted by varying the concentration of the mixed solution or the rotation
speed of the spin coating. The thin film thus prepared was raised to 400 °C under a
nitrogen atmosphere at a rate of 2 °C /min and maintained at the same temperature for
60 minutes. At this time, the radial pore-forming polymer contained in the thin film
was thermally decomposed to thereby form pores in the thin film. After the thermal
treatment, the thin film was cooled at the same rate as the temperature raising rate to
give a nanoporaus organosilicate polymer composite film with an ultra-low dielectric

constant as shown in FIG. 3. The nanoporaus organosilicate polymer composite film
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had a dielectric constant of 2.100 + 0.030.

Example 14-2

An organosilicate polymer composite film was formed in the same manner as in
Example 14-1 except that the organic/inorganic hybrid polymer of Example 6-2 was
used instead of the organic/inorganic hybrid polymer of Example 6-1.

The organosilicate polymer composite film had a dielectric constant of 1.805 +
0.030.

Example 14-3

An organosilicate polymer composite film was formed in the same manner as in
Example 14-1 except that the organic/inorganic hybrid polymer of Example 6-2 was
used instead of the organic/inorganic hybrid polymer of Example 6-1.

The organosilicate polymer composite film had a dielectric constant of 1.710 +
0.040.

Example 15-1

1 g of the organic/inorganic hybrid polymer of Example 7-1 was uniformly
dissolved in 9 g of methylisobutylketone to prepare a mixed solution. The mixed
solution was spin-coated on a silicon substrate at abaut 1,000-5,000 rpm to form a thin
film.

The thin film thus prepared was raised to 400 °C under a nitrogen atmosphere at a
rate of 2 °C /min and maintained at the same temperature for 60 minutes. At this time,
the radial pore-forming polymer contained in the thin film was thermally decomposed
to thereby form pores in the thin film. After the thermal treatment, the thin film was
cooled at the same rate as the temperature raising rate to give a nanoporaus
organosilicate polymer composite film with an ultra-low dielectric constant as shown
in FIG. 3. The nanoporaus organosilicate polymer composite film had a dielectric
constant of 2.100 + 0.020.

Example 15-2

An organosilicate polymer composite film was formed in the same manner as in
Example 15-1 except that the organic/inorganic hybrid polymer of Example 7-2 was
used instead of the organic/inorganic hybrid polymer of Example 7-1.

The organosilicate polymer composite film had a dielectric constant of 1.830 +
0.030.

Example 15-3

An organosilicate polymer composite film was formed in the same manner as in

Example 15-1 except that the organic/inorganic hybrid polymer of Example 7-3 was
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used instead of the organic/inorganic hybrid polymer of Example 7-1.

The organosilicate polymer composite film had a dielectric constant of 1.680 +
0.050.

film

1 g of the organic/inorganic hybrid polymer of Example 8-1 was uniformly
dissolved in 9 g of methylisobutylketone to prepare a mixed solution. The mixed
solution was spin-coated on a silicon substrate at abaut 1,000-5,000 rpm to form a thin
film. The thickness of the thin film was about 100 nm.

The thin film thus prepared was raised to 400 °C under a nitrogen atmosphere at a
rate of 2 °C /min and maintained at the same temperature for 60 minutes. At this time,
the radial pore-forming polymer contained in the thin film was thermally decomposed
to thereby form pores in the thin film. After the thermal treatment, the thin film was
cooled at the same rate as the temperature raising rate to give a nanoporous
organosilicate polymer composite film with an ultra-low dielectric constant.

The nanoporous organosilicate polymer composite film had a dielectric constant of
2.110 + 0.020.

Example 16-2

An organosilicate polymer composite film was formed in the same manner as in
Example 16-1 except that the organic/inorganic hybrid polymer of Example 8-2 was
used instead of the organic/inorganic hybrid polymer of Example 8-1.

The organosilicate polymer composite film had a dielectric constant of 1.790 +
0.020.

Example 16-3

An organosilicate polymer composite film was formed in the same manner as in
Example 16-1 except that the organic/inorganic hybrid polymer of Example 8-3 was
used instead of the organic/inorganic hybrid polymer of Example 8-1.

The organosilicate polymer composite film had a dielectric constant of 1.650 +
0.040.

Industrial Applicability

An organic/inorganic hybrid polymer of the present invention is prepared by
chemical linkage between a radial pore-forming polymer with a reactive end group of
FIG. 1 and an organosilicate polymer. The organic/inorganic hybrid polymer can be
used as a single preaursor for formation of an organosilicate polymer composite and an

organosilicate polymer composite film, which have nanoscale pores and a low
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dielectric constant. The organosilicate polymer composite film can be used as a

dielectric film for a semiconductor device.
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